Two mutants of Saccharomyces cerevisiae have been isolated and characterized. The mutants were constitutively agglutinable at 360C, the temperature at which wild-type cells agglutinate only after induction by mating pheromone. The mutant cells had other properties specific for the normal a cell type, i.e., conjugation with a cells, response to a mating pheromone, and production of a mating pheromone. The two mutations, cagi and cag2, were recessive and expressed only in a cells. cagl is liiked very closely to the MAT locus, but cag2 is unlinked to the MAT locus. These cag mutations complemented ste3-1. These results indicate that CAG genes are novel a-specific genes involved in the regulation of sex agglutinin synthesis.
Saccharomyces cerevisiae cells of different mating types (MATa and MATa) specifically adhere to each other with sex specific glycoproteins (sex agglutinins) on the cell surface (5, 11, 22) . Agglutinating clumps of cells eventually sort themselves into pairs and fuse to produce zygotes. There are two types of sexual agglutinability in S. cerevisiae, constitutive and inducible. Constitutive strains synthesize sex agglutinins without induction by mating pheromone, and inducible strains produce them only after induction by mating pheromone (1-4, 12, 15, 21) .
Sexual agglutinability can be easily reversed by changing physiological conditions such as the growth temperature (3) and carbon source (21) . Sexual agglutinability of wild-type cells is usually constitutive when cells are cultured at 25°C in a medium with glucose, but it is inducible at 36°C in the same medium (3) .
We have isolated constitUtive agglutinable mutants at 36°C and characterize in this paper two mutations specific for a cells.
MATERIALS AND METHODS Yeast strains. The genotypes and sources of the S. cerevisiae strains used in this study are listed in Table 1 .
Media and culture conditions. Modified YPD (2) and minimal media (3) were used for yeast culture and for prototroph recovery, respectively. MV medium (8) was used for preparing culture filtrates.
When cells were cultured at 25°C, 0.1 ml of 2-day-old culture was inoculated into 50 ml of YPD medium in a conical flask (300 ml) and then incubated with shaking on a reciprocal shaker. When cells were cultured at 36°C, 0.01 ml of the culture was inoculated into 50 ml of YPD medium and cultured with shaking. Tester cells (K21-1A and K21-1C) were always grown at 25°C in YPD medium with shaking.
Isolation of constitutive mutants for agglutinability. Expo 4 ,000 colonies tested, eight clones which showed prominent agglutination in phosphate buffer even when grown at 36°C were selected as constitutive mutants, and the mutation was denoted as cag (constitutive agglutinability).
Sexual agglutination test. Cells at late-logarithmic phase of growth were harvested, washed twice, and suspended in phosphate buffer at an optical density (530 nm) of 10. Portions (0.5 ml) of the cell suspension to be tested and of the tester cells (A530 = 10) were mixed with 9 ml of phosphate buffer in a 50-ml conical flask and incubated on a reciprocal shaker (120 rpm) at 25°C. The degree of sexual agglutination was determined by measuring the optical density of the suspension before and after brief sonication as described previously (3) . Sexual agglutination of tetrad segregants was performed as follows. One loopful of a culture (2 days at 25°C) of each segregant was inoculated into 5 ml of YPD medium in test tubes and incubated on a reciprocal shaker (80 rpm) at 36°C until the culture reached the latelogarithmic or early-stationary phase of growth. Cells were harvested, washed twice, and suspended in phosphate buffer at A530 = 1. One milliliter of the segregant cell suspension was mixed in test tubes with 1 ml of tester cell suspension (A530 = 1) of opposite mating type, and the tubes were shaken reciprocally (80 times per min) at 25°C.
Mating reaction. Cells prepared in the same way as those used in the agglutination test were mixed with cells of the opposite mating type in YPD medium and shaken at 25 or 36°C. Agglutination intensity and zygote formation were determined as described previously (3). posed of 4 ml of culture filtrate, 0.5 ml of lOx YPD, and 0.5 ml of the cell suspension. The mixture was incubated at the temperature at which cells were grown. Production of a mating pheromone by mutant cells was also studied. Cells were cultured in MV medium at 25 or 36°C for 48 h. Mating pheromone activity in the culture filtrate was assayed at 25°C, using K21-1A cells as tester. The composition of the assay mixture was the same as that described above. Buds with diameters larger than half the diameter of the mother cell were counted as cells.
Spheroplast formation, fusion, and regeneration. Cells were harvested from 10 ml of exponentially growing culture, washed once with 1 M sorbitol solution, and suspended in 2 ml 0.1 M citrate buffer (pH 6.8) containing 1 M sorbitol and 10 mM EDTA at a density of 108 cells per ml. A lytic enzyme, Zymolyase 60000 (Seikagaku Kogyo Co. Ltd., Tokyo), was added to a final concentration of 30 jig/ml, and the culture was then incubated at 25°C with gentle shaking for 60 min. Spheroplasts thus obtained were washed with 1 M sorbitol, fused in 34% polyethylene glycol 4,000 containing 20 mM CaC12 and 1 M sorbitol, and then incubated at 25°C. After 60 min, fused spheroplasts were washed with 1 M sorbitol and spread on minimal plates with 1 M sorbitol for regeneration of cells. The plates were incubated at 25°C until colonies appeared (usually 3 to 5 days).
Genetic analysis. Methods and media used in genetic analyses were described previously (3) . RESULTS Phenotypic characterization. Sexual agglutination of the mutant strains K164-1B and S288C-S4, which bear cag mutations (cagi and cag2, respectively), was studied (Fig.  1) . In phosphate buffer, induction of sexual agglutination by mating pheromone did not occur (2) . Cells of wild-type strain S288C grown at 25°C started agglutination shortly after incubation, whereas agglutination did not occur when the cells were cultured at 36°C. In contrast, cells of each mutant agglutinated extensively even when cultured at 36°C. Response of the mutants to a mating pheromone was studied (Fig. 3) Production of a mating pheromone by the mutants was assayed (Fig. 4) . Cell division of a tester cells (K21-1A) was inhibited when they were exposed to a mating culture filtrates prepared from cultures of both the wild type a Cells grown at 25 or 36°C were tested for sexual agglutinability at the same temperature in phosphate buffer or YPD medium. At 25°C, agglutination intensity was determined after 1 h of incubation. At 36°C, the intensity was determined after 2 h of incubation, because wild-type cells need a time lag during which agglutinability is induced by mating pheromone. (17) , kex2 (6) , and tupl (7, 10, 18, 20) , which have already been identified. Response to a mating pheromone and production of mating pheromone were similar among the wild-type and cag mutant cells ( Fig. 3 and 4) . Cells which did not synthesize sex agglutinins at 36°C could respond to a mating pheromone and produce mating pheromone (Fig. 1, 3 (Tables 2  and 6 ).
These a-specific cag mutations reported here may help to elucidate the mechanism of genetic control of sex agglutinin synthesis.
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